INTRODUCTION
============

Kidney stone or nephrolithiasis commonly affects 1.7 to 14.8% of the general population, and both prevalence and incidence have increased globally across age, gender, and race, resulting in increased morbidity.[@B1] In cases of kidney stones arising from rare hereditary disorders or staghorn stones resulting from chronic urinary tract infection with urease-containing bacteria, kidney stones have evidently been reported to cause significant chronic renal damage and sometimes lead to end stage renal disease (ESRD).[@B2]-[@B5] However, the United States Renal Data System 2010 Annual Data Report showed that only 2.4% of all ESRD were caused by these kinds of kidney stones.[@B6]

Although the impact of kidney stones on the renal function has not yet been clearly elucidated, recent studies showed that kidney stones might be associated with increased risk of development of chronic kidney disease (CKD).[@B7]-[@B10] However, in patients who already have CKD, little is known as for whether the presence of kidney stones influences the progression of CKD and whether removal of kidney stones could modify the course of CKD progression. Moreover, long-term effect of extracorporeal shock wave lithotripsy (ESWL) on the renal function deterioration in CKD population has not been studied to date. Therefore, we undertook this study to elucidate whether stone removal by ESWL would be associated with delayed CKD progression in CKD patients with kidney stones that are not associated with urinary tract obstruction.

MATERIALS AND METHODS
=====================

Study setting and patient selection
-----------------------------------

This is a retrospective single center study approved by institutional review board. The study subjects initially consisted of patients with nephrolithiasis, who were identified by using International Classification of Diseases, Tenth Revision (ICD-10) codes: N20.0 (calculus of kidney), N20.9 (urinary calculus, unspecified), and N23 (unspecified renal colic). A comprehensive review of medical records was then conducted to confirm, or reject potential cases of nephrolithiasis without hydronephrosis. Between January 2002 and December 2009, a total of 2022 patients were confirmed by ultrasonography and/or computed tomography to have kidney stones without hydronephrosis. Of these patients, 169 were eligible for the study because they had an estimated glomerular filtration rate (eGFR) between 15 and 60 mL/min/1.73 m^2^ before the initial diagnosis of nephrolithiasis, which were calculated using the 4-variable Modification of Diet in Renal Disease (MDRD) Study equation: eGFR=186×\[serum creatinine (mg/dL)\]^-1.154^×\[age\]^-0.203^×\[0.742 if female\]×\[1.210 if black\].[@B11] eGFR had to be documented consecutively at least twice before the diagnosis of nephrolithiasis to confirm that patients had CKD. It also had to be followed at least once every 6 months after the diagnosis to include patients in this study. Fifteen patients were excluded due to inadequate information on eGFR. Patients who had transplanted kidney or solitary kidney were excluded (n=8). Patients with staghorn stone were also excluded (n=3) because those stones resulted in complete obstruction of renal pelvis. Patients who had been followed for less than 12 months were excluded (n=10). We also excluded patients with polycystic kidney disease (n=1) and/or genitourinary system cancer (n=1). Consequently, we identified 131 patients who met the study criteria and these patients were included in the final analyses ([Fig. 1](#F1){ref-type="fig"}).

Data collection
---------------

Using a retrospective review of patient medical records, the following demographic and clinical data were collected: age at the time of diagnosis; gender; height; weight; comorbidities including diabetes mellitus, hypertension, and cardiovascular disease; stone characteristics including location (unilateral vs. bilateral), number (solitary vs. multiple), and diameter; and history of receiving ESWL. We also collected laboratory parameters including hemoglobin, calcium, phosphorus, blood urea nitrogen, serum creatinine, total protein, albumin, and aspartate/alanine aminotransferase. Proteinuria was defined when random urine protein-to-creatinine ratio was greater than 0.2 mg/mg.

We classified study patients into two groups according to whether they underwent ESWL or not (Non-ESWL group vs. ESWL group). Annual eGFR change was calculated using all available data during follow-up period for Non-ESWL patients. In contrast, pre-ESWL and post-ESWL annual eGFR changes were respectively estimated for study patients who underwent ESWL. We used eGFR data up to 2 years before undergoing ESWL and additional consecutive eGFR data after ESWL for these patients. Annual eGFR change was estimated by using a linear regression model of time on eGFR in each patient, and it was defined as coefficient of regression of this regression model.

In terms of data related to ESWL, following variables were collected: sessions per stone, voltage, number of shocks per stone, and stone clearance rate at 3 months after ESWL. Success of stone clearance was defined as achieving stone-free status or having clinically insignificant residual fragments. On the contrary, failure of stone clearance was defined as showing no response or having significant residual fragments.

We initially compared annual eGFR changes of Non-ESWL group to those of ESWL group before undergoing ESWL (pre-ESWL). In the next step, we sought to compare annual eGFR changes during pre-ESWL period with those after undergoing ESWL (post-ESWL). Finally, we analyzed differences between success and failure groups among patients undergoing ESWL.

ESWL technique
--------------

ESWL had been performed with EDAP LT-02 (Technomed, Lyon, France) until April 2005, and it was replaced by EDAP Sonolith Praktis since May 2005. ESWL therapy usually started at a low voltage of 5 kV until the patient became accustomed to the shocks, and the voltage was then gradually increased to a maximum of 9 kV. The average number of shocks per session was 2000-4000.

Statistics
----------

Continuous data are expressed as mean±standard deviation. Categorical data are presented as absolute values and percentages. Clinical characteristics of the Non-ESWL and pre-ESWL groups were compared with the use of Student t-test for continuous variables and the chi-square test or Fisher\'s exact test for categorical variables. Annual eGFR changes before and after ESWL in patients who underwent ESWL were compared using paired t-test. Owing to paucity of number of patients undergoing ESWL, characteristics between success and failure groups among patients receiving ESWL were compared with the use of Mann-Whitney U test for continuous variables and Fisher\'s exact test for categorical variables.

A *p*-value of less than 0.05 was considered to indicate statistical significance. All calculations were computed with the aid of PASW Statistics software (version 18).

RESULTS
=======

Baseline characteristics of study patients
------------------------------------------

The mean age of the study sample was 62 years (range, 28-82 years), and 72.5% were male. Of the 131 patients, 123 (93.9%) had CKD stage 3 at baseline. Primary renal diseases were diabetic nephropathy (40.5%), hypertensive nephropathy (32.1%), chronic glomerulonephritis (11.5%), and CKD from other causes (16.1%). Average systolic and diastolic blood pressures at baseline were 133.9 and 77.5 mm Hg, respectively. Mean diameter of kidney stones was 2.1±0.6 cm, and 48.1% of patients had bilateral kidney stones. Among all patients, 34 (26.0%) patients underwent ESWL for stone removal and received 3425±560 shocks per stone with mean voltage of 5.7±1.3 kV over 2.2±1.4 sessions per stone.

Comparison of clinical and laboratory findings between Non-ESWL and pre-ESWL groups
-----------------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows clinical and laboratory findings between the Non-ESWL and Pre-ESWL groups. No differences in age, gender, body mass index (BMI), systolic and diastolic pressure, prevalence of comorbidities including hypertension, diabetes and CVD, stone characteristics, and baseline eGFR were found between the two groups. In addition, laboratory findings such as hemoglobin, calcium, phosphate, uric acid, cholesterol, and proteinuria were not different between the groups. Moreover, Non-ESWL group and pre-ESWL group showed similar annual eGFR changes (-1.75±6.5 vs. -1.63±7.2 mL/min/1.73 m^2^/year, *p*=0.425). However, follow-up duration of Non-ESWL group was longer than that of pre-ESWL group (3.0±1.2 vs. 1.7±1.1 years, *p*=0.047). However, total follow-up duration including both before and after ESWL was comparable to that of Non-ESWL group (3.0±1.2 vs. 3.9±1.2 years, *p*=0.152).

Comparison of annual eGFR changes before and after ESWL among patients undergoing ESWL, and complications after ESWL
--------------------------------------------------------------------------------------------------------------------

Patients who underwent ESWL were followed for 1.7 years before ESWL and for 2.3 years after ESWL. To clarify whether ESWL affected the renal function decline rate in CKD patients, annual eGFR changes before and after ESWL were compared. The result showed that eGFR after ESWL declined slower than eGFR before undergoing ESWL (annual eGFR changes, -0.29±6.1 vs. -1.63±7.2 mL/min/1.73 m^2^/year, *p*\<0.05), as depicted in [Fig. 2](#F2){ref-type="fig"}.

In terms of complications that occurred after ESWL, subcapsular hematoma occurred in 2.9% of patients, which was clinically insignificant. Although urinary tract infections also occurred in 8.7% of patients after ESWL, all cases were successfully cured with antibiotics therapy. Clinically significant urinary tract obstruction from stone fragments after ESWL occurred in 5.8% of patients, and ureteroscopic procedures were needed to decompress the obstruction for these patients.

Comparision of characteristics between success and failure groups among patients undergoing ESWL
------------------------------------------------------------------------------------------------

Among patients undergoing ESWL, the success rate of stone clearance at 3 months after ESWL was 73.5%. To elucidate whether the stone clearance after ESWL is associated with annual eGFR changes after ESWL, we compared characteristics of patients between success and failure groups. we compared characteristics of patients between success and failure groups ([Table 2](#T2){ref-type="table"}). There were no differences in age, gender, BMI, blood pressure, prevalence of comorbidities, and stone characteristics between the groups. In addition, laboratory findings including hemoglobin, calcium phosphate, cholesterol, and proteinuria were comparable between the groups. Although baseline eGFR at the time of ESWL were slightly greater in the success group than in the failure group, the difference was not statistically significant. However, eGFR declined faster in the failure group than in the success group (annual eGFR change, -1.01±4.7 vs. -0.05±5.2 mL/min/1.73 m^2^/year, *p*\<0.05).

DISCUSSION
==========

In this retrospective study on 131 CKD patients with nephrolithiasis from a single center, we found that eGFR declined slower in patients who underwent ESWL than in patients who did not receive ESWL. In addition, we also found that eGFR declined faster after undergoing ESWL in the failure group than in the success group. Taken together, this study suggests that stone removal by ESWL is associated with delayed deterioration of renal function in CKD patients with nephrolithiasis, implying kidney stones per se might be associated with worsening kidney function in CKD patients.

In CKD patients, the rate of GFR decline is generally, known to be influenced by several non-modifiable risk factors such as type of kidney disease, race, baseline GFR, gender, and age.[@B11] Besides these non-modifiable risk factors, a few modifiable patient characteristics such as proteinuria, serum albumin concentration, and blood pressure are known to be potent predictors of CKD progression.[@B11] However, it is totally unexplored to date whether the presence of kidney stone modifies renal function decline rate in patients who already have CKD although many studies reported that kidney stones are associated with CKD, development.[@B7]-[@B10] To answer this question, we sought to compare annual eGFR changes in the same patient before and after stone removal. In cases of accompanying hydronephrosis, patients\' intrinsic GFR before stone removal may be obscured by coexisting obstructive uropathy, and the effect of kidney stones per se on GFR decline rate may not properly be evaluated in these patients. Therefore, we excluded nephrolithiasis patients with hydronephrosis or staghorn stones.

ESWL is one of the most widely used non-invasive treatment modality for uncomplicated small stones (\<2.5 cm) in the kidney and upper urinary tract.[@B12] However, it is currently unknown whether stone removal by ESWL improves long-term renal outcomes in CKD patients. Therefore, we traced eGFR changes before and after stone removal, especially among patients who underwent ESWL. Several earlier experimental animal studies argued against the efficacy of ESWL because it induces renal parenchymal injury, promoting further kidney function deterioration.[@B13] Specifically, it induces dramatic vascular insult in which capillaries, veins and medium-to-small-diameter arteries are torn, accompanied by focal sites of parenchymal and subcapsular hemorrhage.[@B14] Tubules also show features similar to the tears seen in the vessel walls. In addition, ESWL-treated kidneys show a short-term reduction in renal plasma flow.[@B15] Moreover, ESWL-induced trauma triggers the infiltration of inflammatory cells at the site of the lesion.[@B16] Taken together, ESWL trauma is regarded to cause scar formation and loss of functional renal mass.[@B14] In contrast, however, other recent studies reported that renal function impairment associated with ESWL is largely resolved within 1 to 3 months and ESWL per se has no significant long-term effects on renal function.[@B17],[@B18] However, the patients included in these studies had normal renal function, and the effect of ESWL in CKD patients was not addressed. Interestingly, our present study showed that eGFR in ESWL group declined slower after stone removal than before undergoing ESWL, although annual eGFR changes before ESWL were comparable to those of nephrolithiasis patients in the Non-ESWL group. In addition, eGFR declined faster after undergoing ESWL in the failure group than in the success group. These results suggest that stone removal by ESWL is associated with delayed CKD progression in these patients. The mechanism behind this finding is unclear, but removal of kidney stones may improve urine flow and decrease repeated short-lived bouts of subclinical partial obstructive nephropathy caused by nephrolithiasis. Our findings also provide evidence that nephrolithiasis might be a risk factor for CKD progression because stone removal attenuated kidney function deterioration.

One might argue that acute renal parenchymal injury following ESWL was underestimated in this study. Due to the retrospective nature of our study and small number of patients who underwent ESWL, we could not assess the short-term effect of ESWL on CKD patients. However, there is a possibility that acute kidney injury caused by ESWL is largely reversible without leaving long-term adverse effects, unless major complications occur. While previous studies showed short-term decline of renal function after ESWL, no single study revealed long-term decline of renal function in patients without major ESWL complications. Moreover, it is unclear whether harmful effects of ESWL on renal function would outweigh positive effects from stone clearance by ESWL in the long term. In our study, most patients who underwent ESWL did not experience major ESWL complications. Although hematoma occurred in 2.9% of patients who received ESWL, it disappeared in time. In addition, although clinically significant urinary tract obstruction from stone fragments followed ESWL in 5.8% of patients, it was eventually resolved after ureteroscopic procedures. Moreover, even urinary tract infections that occurred in 8.7% of patients after ESWL were all successfully cured with antibiotics therapy. Therefore, it can be surmised that short-term harmful effects of ESWL waned over time, while long-term positive effect from stone clearance persisted. However, this hypothesis needs further investigation.

This study has several limitations. First, as a retrospective single-center study, it is subject to the biases inherent to this study design. Second, eGFR was used instead of measured GFR. Currently, measured GFR using iothalamate is considered to be the most accurate GFR. However, it is not usually used in most of institutes because it is cumbersome and inconvenient, and information on iothalamate-GFR was not available. Since previous studies revealed that creatinine-based eGFR correlates well with iothalamate-GFR, we used MDRD equation to calculate eGFR. Third, exact information about kidney stone components was not available because many stones were not analyzed and few patients underwent 24-hour urine chemistry tests. However, meticulous review of the radiologic examinations of stones revealed that no radiolucent stones were included in this study. Therefore, most patients in our study likely had calcium-based stones.

In conclusion, our study shows that stone removal by ESWL is associated with delayed deterioration of renal function in CKD patients with nephrolithiasis. Therefore, our findings suggest that ESWL for stone removal should be encouraged to prevent further worsening of kidney function in these patients. A prospective well-designed study with larger study sample is warranted to confirm our findings.
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Comparison of Baseline Characteristics between Non-ESWL and Pre-ESWL Groups
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ESWL, extracorporeal shock wave lithotripsy; BMI, Body Mass Index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; SD, standard deviation.

Data are presented as mean±SD or n (%).
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Comparison of Characteristics between Success and Failure Groups among Patients Receiving ESWL
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ESWL, extracorporeal shock wave lithotripsy; BMI, Body Mass Index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; SD, standard deviation.

Data are presented as mean±SD or n (%).
